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Autoradiographic image intensification methods for
recovering the images of underexposed step wedges, resolution
targets and radiographs were investigated. The fog level of
the intensified image was decreased by treating the film in a
subproportional photographic reducer (mixture of potassium
ferricyanide and sodium thiosulfate) prior to activation with
S-35 thiourea. The fog level of intensified images of a step
wedge decreased from a density of 1.32 to .12, the maximum
contrast increased from 2.08 to 5.52, the relative speed
increase calculated at 0.6 above fog level increased from
3.05 to 4.06 while resolution remained the same at 5.0 lines
per millimeter.
Radiographs of underexposed images were recovered by
using this autoradiographic image intensification method.
The underexposed radiograph was developed in the conventional
manner using the Kodak X-Omat processor and treated in the
subproportional photographic reducer to lower the fog density.
The silver image of the underexposed radiograph was made
radioactive with a solution of sulfur-35 thiourea, air-dried
and exposed to another emulsion. The intensified image was
also developed in the conventional manner. Its diagnostic
usefulness was judged by experienced radiologists as optimal,
adequate, poor but diagnostic, or totally unacceptable in
comparison to optimally exposed radiographs. Of the six
underexposed radiographs involving various body regions
studied following intensification, five were consistently
rated adequate. This technique, when fully developed and
applied will result in reduced radiation dose to patients
undergoing radiologic examinations.
A significant difference exists between the intensified
image of a double-coated and single-coated emulsion. When
both emulsions are treated in a subproportional reducer prior
to activation with S-35 thiourea, the intensified image
obtained from a single-coated emulsion has less base plus fog
density, higher gamma, and is more contrasty than that of a
double-coated emulsion. These results indicate that to make
deliberate underexposures, it is better to use a
single-
coated than a double-coated emulsion.
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All photographers know that each time a picture is
taken there are a number of possible outcomes for the final
image. It can be optimally exposed and developed, under
exposed, overexposed, underdeveloped, overdeveloped or any
combination of these conditions. The question of interest is
whether or not it is still possible to recover the image when
conditions other than optimum have taken place at one stage
or another during the production of the image.
1 2
Thackray and Dempster have demonstrated that the
autoradiographic intensification can be used to recover the
3-4
images of underexposed photographs. Recently Askins has
successfully applied this technique to recover the images of
underexposed radiographs.
One of the most important problems associated with the
use of autoradiographic image intensification for the
recovery of underexposed images is that the fog is also
5
considerably enhanced. In Askins studies of the autoradio
graphic enhancement of mammograms, the intensified images
generally have higher fog levels than the original mammograms.
She further pointed out that the best autoradiographs were
made from radiographs with very low fog density.
The intensification of the fog level in the autoradio-
1 6
graph was also recognized by Thackray . He pointed out that
since no known intensification method could distinguish
between image silver and fog silver it is necessary to take
every precaution to minimize the fog level in the radiograph.
7
He noted that heavily fogged films frequently gave better
results if he replaced the fixation step in his radiotoning
procedure with a photographic reducer.
It would, therefore, seem that an area of autoradio
graphic image intensification, that needs a lot of improve
ment, is the reduction of the fog level. Therefore, the
objective of this research and thesis will be the development
of a technique that will lower the fog level in the
intensified image and subsequent application of such a
technique to the intensification of underexposed radiographs.
BACKGROUND
Post development image intensification essentially
is the increment of the optical densities of the underexposed
or underdeveloped image. Currently two general methods are
available for the process of post development image intensi-
8 9
fication and these are non-radioactive and radioactive
4-7
mtensif iers. Non-radioactive techniques involve the use
of standard chemical intensifiers which function in various
ways. These ways include i) the alteration of the photo
metric constant (i.e. changing the covering power of the
silver grain) ; ii) the conversion to a silver compound which
absorbs light more strongly; and iii) the most important
technique, which is increasing the size of the silver grains
by depositing more metal (silver or other element) atoms by
means of a chemical reaction. Some of these procedures
involve several and lengthy complex reactions. Also in those
cases where large increases in grain size are involved, the
material tends to deposit in places other than the image.
This complication, together with large grain size often
spoils the appearance of the film.
The radioactive intensification process involves making
the underexposed and developed silver image radioactive and
exposing an emulsion to this radiation. The exposed receiver
emulsion is processed and developed in the conventional
manner. This method of post development image intensifi
cation is the standard process of autoradiography. Several
methods have been employed to make the silver image radio
active and these include:
108




(2) exchange with a radioactive silver isotope in
7
solution; and
(.3) radiotoning, i.e. reaction with a radioactive nuclide
, . . 1-7
in solution.
These methods are relatively old and are little used today
for the following reasons: i) there is a radio hazard due to
the gamma rays of some of the radio isotopes, e.g. mAg in
which the principal photon energy is 658Kev; ii) the films
are heavily fogged; and iii) specialized equipment such as
nuclear reactor is needed (activation in a neutron flux) .
A new radiotoning method was recently discovered by
Askins and is based on the reaction of S-35 thiourea to the
8 10
silver converting it to silver sulfide. This technique
essentially eliminated most of the problems originally
encountered while using other sulfur-35 compounds for
radio-
g
activation of the silver image. Some of the problems
associated with using other S-35 compounds such as sulphides
and polysulphides include: i) the formation of colloidal
sulfur or silver sulfide which produced unwanted activity in
the gelatin and/or the formation of radioactive compounds
within the gelatin as well as with the silver; and ii) the
requirement for accurate control of the pH of the activating
solution.
Autoradiographic intensification using S-35 thiourea
can simply and effectively retrieve information from
accidentally underexposed X-ray film by increasing the image
3
density and contrast to readable levels. The degree of
intensification is controlled by properly balancing the
radiation level of the film, the speed of the receiver
3-5
emulsion and the duration of the autoradiographic contact.
It has been estimated that the amount of radioactive nuclide
required on the film to provide a suitable autoradiograph
within an acceptable exposure period (1-2 hours) is in the
2 10
range of 1 to 10 uCi/cm .
This autoradiographic intensification method when fully
developed or automated could have a number of beneficial
applications in diagnostic-radiologic procedures. These
benefits include the reduction of X-ray dose (since the
underexposed radiographs can be intensified after develop
ment) and the elimination of repeated exposures necessitated
by accidental underexposure.
It will be possible to retrieve information of
purposely underexposed X-ray film or information in
low-
optical density regions of properly exposed imagery through
selective enhancement of certain portions of the film.
Moreover, the autoradiographic image intensification method
is non-destructive and produces continuous sets of imagery
at varying degrees of intensification without additional
exposures to the patient.
10
THEORY
An improved autoradiographic procedure to enhance film
images by increasing the contrast or by changing the overall
optical density scale of the exposure is now available.
The silver in a developed film is converted to a radioactive
compound by using sulfur-35 thiourea. Thiourea (H.NC=S) by
12-13
itself has several applications in photography. It is
used as a stabilizing agent whereby the undeveloped silver is
converted into a complex compound that is not light sensi
tive, is transparent and can be left in the gelatin without
14
ill effects on the image quality and/or the gelatin. In
this respect a number of workers have investigated the
chemical reactions of silver halides and thiourea. In a
study of the kinetics of the reaction between silver bromide
15
and an absorbed layer of allylthiourea James and Vanselow
proposed that the silver ion reacts with thiourea through the
+
thione forming RCNH_ = S Ag . In the presence of OH ion,
Ionization occurs with formation of an ionic bond between the
thiol ion and silver ion via:
>?C = S'*Ag + OH HN
= XZ-S-Ag + H20
H2N
11
This silver thiourea compound may be the compound involved as
a stabilizing agent at lower pH. However at higher pH, this
R
compound (HN = i-S-Ag) in the presence of Ag ion can react





+ * Ag2 S+RC
= N+H20
to form silver sulfide nuclei which induces rapid development
of the grain thereby fogging up the film. It has been known
for some time that thiourea and some of its derivatives are
16
powerful fogging agents in a developer of high pH. However
if the reactions noted above could be made to occur between
o
the silver (Ag ) of a processed and developed film and a
radioactive thiourea, then a radioactive source for use in
autoradiography of the silver image would have been produced.
It seems that it is exactly what Askins has achieved by using
o
aerial oxidation to first oxidize the developed silver (Ag )
and then react the oxidized silver with radioactively
labelled sulfur-35 thiourea to form silver sulfide. In other
words the silver image has been radioactivated.
12
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THE USE OF PHOTOGRAPHIC REDUCERS
TO LOWER THE FOG DENSITY OF
AUTORADIOGRAPHICALLY INTENSIFIED IMAGES
4.1. Introduction
The production of fog in autoradiographically intensi
fied images occurs during two different stages. The first
stage is during the X-ray irradiation of the incorrectly
exposed film and the development, while the second stage is
due to beta irradiation from the activated donor emulsion
during the autoradiography. Thus while the underexposed
image is intensified, the fog is also enhanced. Therefore,
for autoradiographic image intensification to be useful, the
fog density must be decreased. The fog problem has been well
5
discussed but not solved by Askins.
There are of course several ways and stages where the
removal or reducing of the fog density can be treated. Among
those methods is the use of photographic reducers. In this
account, I shall report on the attempts to
lower the fog
density both before the activation of the donor film
and
after development of the receiver emulsion.
14
4.2. Experimental Procedure
4. 2.A. Calibration and Production of Radiographs of
Step Wedge and Resolution Target.
A 16 step aluminum step wedge was calibrated as
described in Appendix A. Optimum exposure levels for
various settings of kilovoltages (Kv) , milliampere-
seconds (MaS) , filtration and distances were achieved
by trial and error during a self-training program on
the use of the X-ray machine. Once optimum exposures
were obtained, series of underexposed images of a step
wedge and a resolution target were produced for levels
of 10%, 20% and 30% of optimum exposure. Underexposed
series were done by keeping Kv, filtration and distance
constant and reducing the MaS by a factor directly
proportional to the amount of underexposure desired.
For example, to produce a 30% exposure, the MaS used
for an optimum exposure was reduced by 70%. All




4.2.B. Use of Photographic Reducers.
The two major photographic reducers studied were:
subproportional and superproportional reducers, and
these were prepared in the following way:
i) Subproportional Reducer
- Ferricyanide-hypo or
Farmer's reducer. This is a subtractive reducer for
clearing areas of lower density. This reducer was
made
15
of the following solutions :
Solution A
Potassium ferricyanide 100 grams
Water to make 1 liter
Solution B
Sodium thiosulfate (hypo) , cryst. 200 grams
Water to make 1 liter
For use, 10 ml. of solution A were added to 200 ml. of
solution B. The mixture was used immediately after
mixing. The films were dipped in the mixture for
appropriate periods of time, washed in running water
for 20 minutes and air dried.
ii) Superproportional Reducer - Persulfate reducer.
This is a reducer for lowering areas of greater
density. It was mixed in the following manner:
Ammonium persulfate 25 grams
Water to make 1 liter
Distilled water was used to make up this bath. A few
drops of sulphuric acid were added to induce regularity
of action. The negative was soaked in the reducer for
appropriate periods of time and the reaction was
stopped by flooding the negative in sodium sulfite.
The negatives were then thoroughly washed in running
water for 20 minutes and air dried.
16
4.2.C. Process of Activation
Stock solutions of S-35 thiourea (10 mCi dissolved in
500 ml. of distilled water) and sodium hydroxide (4 gr.
dissolved in 1 liter of water) v/ere prepared. The activating
solution was prepared by mixing 25 ml. of the NaOH and 25 ml.
of the S-35 thiourea with 150 ml. of distilled water just
before use. All films were processed in a Versamat.
Two preliminary activation practice runs were done
using a mixture of 50 ml. of NaS03 (2.5 gr. in 50 ml. of
distilled water) and 50 ml. of Na2S203 (5 gr. in 50 ml. of
distilled water) to replace the Kodak F-5 fixer step (5 min
utes) in
Askins'
standard process. The remainder of the
activation process was done according to
Askins'
procedure,
described later. In both cases the resulting intensified
images of the step wedge had almost uniform densities of
around 1.5 throughout all 16 steps. The fixing solution was
diluted 1:100 (1 part of fixing solution and 99 parts of
distilled water) and the activation process repeated with
basically the same results as before. A fourth activation
was done, this time diluting the fixing solution 1:1000
(1 part of fixing solution and 999 parts of distilled water) .
This time all steps of the step wedge had increasing densi
ties as to be expected. All further activations of the
activation time series were done using this extremely mild
fixing solution. No trial activation run was done using the
F-5 fixer as in
Askins'
process. Later on when the
17
photographic reducer was used on the films before activation,
this fixing step and the pre-washes steps (5 minutes in 20%
and 50% water-methanol mixture and 20 minutes in running
distilled water) were skipped completely.
The cleaned film was then radioactivated by placing it
inside a processing drum (normally used for developing color
prints) which contained the radioactive solution of S-35
thiourea, (see Appendix B for the safety precautions when
handling S-35 thiourea) and the drum was continuously rotated
on a sinusoidal agitator. The activated film was washed in
20% and 50% water-methanol mixtures respectively (5 minutes
each time) , 20 minutes in running distilled water and air
dried for at least 1 hour. It was contacted for various
lengths of time to a second emulsion (Kodak NMC or GTA) which
was processed and developed in the conventional manner using
Kodak X-Omat Processor. The intensified image v/as washed in
the solution of ammonium persulfate (superproportional
reducer) used at room temperature for 1 minute to reduce the
density in overexposed areas of the film. It was air dried.
When the subproportional reducer (mixture of potassium
ferricyanide and sodium thiosulfate) was used before
activation, the underexposed and developed film was soaked in
the reducer and manually agitated (R.I.T. Tray Rock Method)
for 1 minute. The reducer solution was always used at room
temperature without any further specific temperature
control.
It was then washed in running distilled water for 20 minutes
18
and activated as described before.
A single (no replicates) activation time series of 5,
15, 30, 60 and 120 minutes was carried out on Kodak Safety
double-sided G X-ray film at exposure levels of 10%, 20% and
30%, followed in each case by a contact time series of 3 0,
60, 120, 300 and 600 minutes respectively using both GTA and
NMC film as receiver emulsion.
4.2.D. Density and Resolution Measurements
Density measurements were made using a Macbeth trans
mission densitometer while relative exposures were calculated
by multiplying the log relative exposures determined in
Appendix A by a fraction corresponding to the level of under
exposure used. Characteristic curves of density (D) versus
relative log exposures (log H) were constructed for the donor
and receiver emulsions.
Resolution was determined with the aid of a resolution
test object. The number of lines resolved per millimeter of
the test object on an illuminated table was read with the aid
of a magnifying lens. The relative speed increases/decreases
of the donor emulsions before and after treatment in the
subproportional reducer and of the receiver emulsion after
intensification were all calculated at 0.6 density unit above
base plus fog.
A list of apparatus and materials used throughout the
experiment is contained in Appendix C.
19
4.3 Results
A series of underexposures (10, 20 and 30%) were done
and their characteristic curves are shown in Figure 1.
Figure 2 is their respective intensified images and Table 1
is the corresponding density, resolution and relative speed
increase obtained with the intensified imagery. From Table 1
and Figure 2, it can be seen that under identical conditions,
the highest resolution and density were obtained with a 3 0%
exposure as expected. Naturally higher exposures yielded
higher densities and resolutions, but since a 30% exposure
was believed to be the most representative of an accidental
underexposure it was decided to carry out all further
experiments at that exposure level (30%) .
Preliminary experiments were done to determine which
film to use as the receiver film. The films investigated
were Kodak NMC and Kodak GTA. Both films have low base
density. A single series (no replicates) of activations of
the donor film (Kodak Ortho G) at varying times was done and
in each case the activated donor was contacted for two hours
to both NMC and GTA films. The measured densities of the
receiver emulsions for various activation times of the donor
are shown in Table 2, plotted in Figures 3 (NMC film) and 4
(GTA film) . The accompanying resolution readings are
reported in Table 3, while the calculated gammas for various
activation times are shown in Table 4. Table 5 is a statis






























































































































































Density, Resolution and Speed Readings Recorded
for 10, 20 and 30% Intensified Imagery
Recovered on NMC Film
30 Min. Activation, 2 Hr. Contact on NMC Film
Step
# 10% Exposure 20% Exposure 30% Expo
Density 0 1.66 1.74 1.86
1 1.47 1.67 1.79
2 1.33 1.65 1.72
3 1.14 1.59 1.69
4 1.00 1.47 1.64
5 .94 1.42 1.59
6 .87 1.37 1.57
7 .81 1.33 1.55
8 .78 1.19 1.49
9 .74 1.06 1.39
10 .72 .93 1.31
11 .70 .85 1.26
12 .67 .81 1.18
13 .66 .76 1.13
14 .65 .75 1.04
15 .65 .73 1.02
16 .65 .73 1.00
Resolution 3.15 4.5 5.0
Relative Speed
Increase at
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Resolution Readings Recorded for the Activation

















Gammas Recorded for the Activation Time Series






















Data Recorded for Paired Density Comparisons of
NMC and GTA Films for Conditions of Best Resolution








0 2.86 1.99 + .87 .7569
1 2.65 1.95 + .70 .4900
2 2.51 1.94 + .57 .3249
3 2.39 1.93 + .46 .2116
4 2.26 1.91 + .35 .1225
5 2.17 1.88 + .29 .0891
6 2.09 1.86 + .23 .0529
7 2.00 1.80 + .20 .0400
8 1.81 1.75 + .13 .0169
9 1.74 1.65 + .09 .0081
10 1.73 1.59 + .04 .0016
11 1.50 1.48 + .02 -0004
12 1.40 1.37 + .03 .0009
13 1.30 1.30 .00 -0000
14 1.19 1.24 -.05 .0025
15 1.16 1.20 -.04 .0016







e, \/n E d2 -
Sd V N (N-l)
(Ed)2
Hl : 6^o 6 =oo . d-6
t= o
Performing the paired comparison, we find t
= 3.2995
and from tables for an a = .05, we find t Ac ..,
= 2.1199,
. 05, 16
therefore the densities of the two films tested are
different for conditions of best resolution.
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the maximum resolutions for either receiver films (NMC or
GTA) . Maximum resolutions were obtained with NMC film for
3 0 minutes activation time and 2 hours contact, and with
GTA film for 5 minutes activation time and 2 hours contact.
The photographic reducers studied were the subpropor
tional reducer (a mixture of potassium ferricyanide and
sodium thiosulfate) and superproportional reducer (potassium
or ammonium persulfate) . The effects of these reducers on
the characteristic D-log H curves are shown in Figures 5 and
6. As expected, the subproportional reducer removed more
silver from areas of lower density while the superpropor
tional reducer removed more silver from areas of higher
density, and these effects are shown graphically in Figures
7, 8 and 9. For example, in step 0 (the D step) the
subproportional reducer removed a density of 0.22 while the
superproportional reducer removed 0.44 density- Conversely
in step 12 (a lower density step) the subproportional reducer
removed 0.10 while the superproportional reducer removed
0.04. The effect of the reducers on the resolution is
illustrated in Figure 10. As can be seen from this graph,
there is no loss of resolution until the film has been
treated in the photographic reducers for a minimum of 10
minutes .
Three donor films were treated in the potassium
ferri-
cyanide-sodium thiosulfate mixture (the subproportional
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Figure 8. Density Removed from the Donor Film (G) by
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Figure 10. Resolution of the Test Object in Lp/mm as a
Function of Time of Treatment of the Donor Film (G) in
both Subproportional and Superproportional Reducers.
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Each was exposed to NMC for 2 hours and the characteristic
curves obtained are shown graphically in Figure 11. As
expected, the longer the treatment in the reducer, the more
silver is removed (cf . Figure 11 curves 5-7) . Correspond
ingly, the intensified imagery for the 1 minute treatment in
the reducer produced the highest D . However it had the
least gamma and this should be expected. The 5 minute treat
ment (cf. Figure 11, curve 4) in the reducer produced the
highest gamma and loss of imagery at the toe of the charac
teristic curve. Table 6 summarizes all the pertinent
features represented in Figure 11, and Figures 12 and 13 are
the corresponding radiographs of the step wedges. Figure 12
shows a 3 0% exposure treated in a mixture of potassium ferri-
cyanide-sodium thiosulfate for 1 minute before activation and
Figure 13 is the intensified images corresponding to treat
ment time in the subproportional reducer of 1, 3 and 5
minutes respectively- In Figure 14 are compared the charac
teristics curves for: i) intensified imagery without
treatment in reducer (curve 1) ; ii) intensified imagery
treated in reducer (curve 2) ; iii) optimum exposed imagery
(curve 3) ; iv) 30% exposed imagery (curve 4) ; and v) 3 0%
exposed imagery but treated in reducer for 1 minute (curve 5) ,
Table 7 is the summary of the accompanying features of the
characteristic curves. The optimum exposed has the highest
D and resolution. However, the base plus fog is high
max
































Figure 11. Characteristic Curves of NMC Receiver Film
and of a 30% Exposure (Donor) Treated in a Mixture of
Potassium Ferricyanide and Sodium Thiosulfate for
Various Times before Activation.
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TABLE 6
Density, Resolution, Gamma and Speed Readings
Recorded before Activation and after Intensification
for Images Treated in Subproportional Reducer
Densities of images Densities of images
treated in subpro- treated in subpropor-




























1 .95 .94 .69 2.80 2.82 2 .76 2 .69
2 .76 .75 .56 2.70 2.70 2 .61 2 .52
3 .64 .65 .44 2.54 2.58 2 .31 2 .38
4 .53 .54 .34 2.41 2.39 2 .17 2 .17
5 .44 .43 .27 2.35 2.21 1..90 1,.88
6 .36 .35 .19 2.24 2.09 1,.46 1..52
7 .30 .29 .14 2.19 1.91 . 82 .97
8 .26 .25 .13 2.09 1.74 . 15 .41
9 .22 .22 .13 1.97 1.53 . 08 .12
10 .20 .19 .13 1.86 1.21 . 08 ,.08
11 .18 .16 .13 1.69 .90 .08 .08
12 .16 .15 .13 1.58 .65 .08 .08
13 .15 .14 .13 1.48 .36 .08 .08
14 .14 .14 .13 1.41 .20 .08 .08
Mini Tnirm
15 .14 .14 .13 1.34 .14 .08 .08
Density 16 .14 .14 .13 1.32 .12 .08 .08
Resolution
LP/mm 5.6 4.5 3.15 5.0 5.0 4 .5 3 .55
Maximum Gamma 2.0 1.92 1.46 2.08 5.52 12 .05 10 .21
Relative Speed
increase at
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before activation (cf. Figure 14, curve 2).
Three more donor films were treated in ammonium or
potassium persulfate for different periods of time before
activation. They were contacted to NMC film for 2 hours but
the resulting images did not contain any steps, therefore it
was not possible to produce D-log H curves. This was
repeated three times. All the autoradiographs had a fairly
uniform density of around 1.5.
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4.4. Discussion
Although the process of autoradiographic image inten
sification is not yet widely used, it has however been
recognized as a very useful method for the recovery of under
exposed images. To this end, Barbara Askins, a radiochemist
working for NASA, was honored as the 1978 Inventor of the
Year.
The postdevelopment image recovery technique would have
beneficial effects in many areas of science and technology.
Thackray, Askins,
~
and Dempster have already applied
this technique to the recovery of faded photographs, enhance
ment of underexposed images in astronomical studies, space
4
sciences and radiologic studies. As pointed out by Askins
1-7
and Thackray, one of the disadvantages of autoradiographic
image intensification is the concurrent enhancement of the
fog level. In this account, it has been shown that the
application of photographic reducers can help in reducing the
fog level and thereby increase the contrast, gamma and speed
of the film. As shown in Figure 7, the subproportional
reducer does remove more silver from areas of lower rather
than higher density. This result is consistent with those
18
reported by other investigators. When this film treated in
the subproportional reducer is intensified, a better charac
teristic (D-log H) curve is obtained. For instance in Figure
14, curve 1 is the intensified image without treatment in
the
reducer. But in curve 2 of the same figure, which was
44
treated in the reducer prior to intensification procedure,
the fog level was reduced, thereby increasing the contrast of
the image. To further refine curve 1, the film is treated in
the reducer for a longer period before activation and
intensification (cf . Figure 11, curves 3 and 4) . However
such further refinement results in loss of the image at the
toe of the characteristic curve (Figure 13). That is, both
the fog level and the image density are reduced to the base
density. This method of reducing the fog level has to be
balanced with probable loss of image information at the lower
density. It is also interesting to note that the subpropor
tional reducer removes the greatest relative amount of
density (relative to D ) at an original density (D ) level of
o o
around .50 (Figure 9) while the superproportional reducer
peaks at a density of around 1.60 (Figure 9). To protect the
lower density and remove more silver at the higher density,
a superproportional reducer is therefore used. The charac
teristic curves in Figure 6 were obtained by treating the
film in ammonium or potassium persulfate (a superproportional
reducer) . The results are also consistent with those of
18
other investigators. However, when this film is intensi
fied using S-35 thiourea procedure, no
intensified image is
obtained. As a matter of fact, the steps of the step wedge
no longer exist. A reaction must have taken place that
prevented the adsorbtion of S-35 thiourea to the image silver,
45
These results have demonstrated that the fog level can
be lowered by using the appropriate photographic reducer.
The use of these photographic reducers will be subsequently
applied to radiographs. It is hoped that a combination
treatment in a photographic reducer both before activation
and after development of the autoradiographically produced
radiograph will result in decreased fog. The radiograph will
be treated in the subproportional reducer before activation
and the superproportional reducer will be used after develop
ment to reduce the density of the overexposed areas.
It must be pointed out that the random variation in
some of the curves in Graph 3 (higher minimum density
obtained with 15 minute activation time than 30, 60 and 120
minutes) and Graph 4 (3 0 minute activation time curve has
lower densities in the middle region than the 5 and 15 minute
activation time curves) was not verified immediately at the
time the experiment was performed and could not be done later
as the specific activity of the new activating solution was
quite different (lower) than that of the solution when the
original experiment was performed. However the fact that in
both Figures 3 and 4, the 120 minute activation curves fall
below the 60 minute ones must be due to solarization effects
taking place. This was verified on three occasions with 10,
20 and 30% exposures activated and contacted for varying
periods of time to both NMC and GTA films.
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4.5. Summary
Of the two receiver emulsions evaluated (NMC and GTA)
NMC was found to be better giving higher resolution, speed,
contrast and maximum density, and lower fog level than GTA
film. It is possible to use a mixture of potassium
ferricyanide-sodium thiosulfate (subproportional reducer) to
reduce low density fog before activation. The superpropor
tional reducer can be used on the autoradiographically
produced image to reduce the high density fog and recover






A subject of common concern to both the medical profes
sion and the public at large is to minimize the radiation
dosage received by patients during radiologic examinations
while maximizing the quality of the radiographs. This brings
about a conflict of objectives since radiographs that yield
the most useful diagnostic information usually require higher
radiation exposures. There are a number of practical
objections to an exposure procedure of this kind, the main
one being that the maximum safe dosage would soon be reached.
It therefore becomes necessary to find a means of minimizing
the exposure without loss of diagnostic quality in the radio
graph or in the case of accidental incorrectly exposed radio
graphs, find a method of recovering
the image without having
to repeat the X-ray, thereby avoiding additional radiation to
the patient. In this part of the thesis I shall report on
the application of photographic reducers to lower the fog
level of intensified images from accidental incorrectly
exposed radiographs. Preliminary experiments to establish
the proper procedure will be done with intentionally
49
underexposed radiographs of phantoms.
5.2 Experimental Procedure
5. 2.A Intentionally underexposed radiographs.
Using bone phantoms, a series of properly exposed radio
graphs of a hand and a foot were first produced. Based on
the conditions (35Kv/50MaS/2mm filtration/34 inches from X-
ray tube) used to produce the optimum images, a second series
of underexposed radiographs was made at 3 0% of the optimal
MaS setting, with Kv, distance and filtration remaining con
stant. All underexposed images were treated in a mixture of
.005M potassium ferricyanide-1. 20M sodium thiosulfate (the
subproportional reducer) for one minute to remove some of the
fog density before activation. The films were then washed in
running distilled water for 20 minutes, activated in a solu
tion of S-35 thiourea as previously described for 30 minutes,
and air dried for 1 hour. The activated emulsions were
contacted to NMC film for various periods of time (1 to 8
hours) . Two autoradiographs were made for each contact time.
One of the intensified radiographs was treated in a solution
of . IM ammonium persulfate for 1 to 3 minutes to remove
density from the overexposed areas. Five expert radiologists
were asked to judge the quality of all images and select the
one containing the most diagnostic information. Selected
autoradiographs were then rated as: i) optimal; ii) adequate;
iii) poor but diagnostic; and iv) totally unacceptable in
comparison to the optimum exposed radiographs.
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5.2.B Accidental incorrectly exposed radiographs
Four accidental incorrectly exposed radiographs in
volving various body regions were randomly selected. Density
measurements of several areas of the radiographs were made to
estimate the approximate level of exposure. Based on this
data and on the information acquired with the intentionally
underexposed radiographs, it was decided to treat all four of
them in the potassium-ferricyanide-sodium thiosulfate mixture
for periods of 30 seconds to 2 minutes before activation.
They were activated in the S-3 5 thiourea solution in the
usual manner, air dried for at least 1 hour and contacted on
Kodak NMC film. Two intensified radiographs of each
activated emulsion were made. One of the intensified images
was treated in a .IM ammonium persulfate solution for 1 to 3
minutes depending on the extent of overexposure. The same
panel of five expert radiologists was asked to judge the
diagnostic quality of all images produced, select the best
ones and rate them in one of the four categories previously
described.
5.3 Results
Prints of the radiographs of the optimum exposed,
intentionally underexposed and autoradiographically intensi
fied images of a phantom foot are shown in Figures 15-20.
The optimum exposed radiograph (Figure 15) does show good
bone details as expected. The underexposed radiograph













































































































































































































































usefulness. The underexposed radiograph (Figure 17) which
was treated in the subproportional reducer (mixture of
potassium ferricyanide and sodium thiosulfate) is too light
even for soft tissues. This is expected because the subpro
portional reducer acts on the radiograph by removing silver
(density) from areas of lower density. Figure 18 is the
intensified radiograph obtained from the autoradiography of
the 30% exposed radiograph (Figure 16) which was not treated
in the subproportional reducer. This radiograph is somewhat
too dark although the joints and trabercular pattern can be
well visualized. Figure 19 is the intensified image obtained
from the autoradiography of 30% exposed radiograph (Figure 17)
which was treated in the subproportional reducer. Again this
radiograph (Figure 19) is too dark but basically a good
radiograph. Figure 20 is the radiograph obtained from the
autoradiography of a 3 0% exposed radiograph which was treated
in the subproportional reducer before activation and in
superproportional reducer (ammonium persulfate) after contact
and development. The superproportional reducer was used to
remove silver from areas of highest density. This radiograph
(Figure 20) was selected as the best from the other intensi
fied images and was judged by 3 out of the 5 radiologists as
adequate while the other 2 rated it poor but diagnostic . The
radiograph showed good visualization of the joints and
trabercular pattern in comparison to the optimum exposed
radiograph.
58
Intensified images of accidental incorrectly exposed
radiographs were also obtained. Figure 21 shows an optimum
exposure of a skull and Figure 22 is the corresponding under
exposed radiograph that was treated in the subproportional
reducer. Figure 22 is too light for any details of the base
of the skull to be seen. Figure 23 is the intensified image
obtained with the underexposed radiograph of the skull. The
base of the skull is fairly well enhanced although the region
around the chin is not too well visualized. Both the
mandible and spine can be seen well. Figure 24 is the inten
sified image which was treated in superproportional reducer.
This radiograph is not as good as the previous one (Figure 23)
because the base of the skull is not seen very well. Both
intensified radiographs were obtained after 1 hour contact
time.
The summary for the diagnostic certainty of the six
intensified radiographs studied is shown in Table 8.
TABLE 8
Summary of Diagnostic Usefulness of Best
Intensified Radiographs
Radiograph Poor but Totally


















Figure 22. Incorrectly exposed radiograph of a
skull treated in a mixture of Potassium Ferri
cyanide and Sodium Thiosulfate (Subproportional
reducer) before activation.
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Figure 23. Intensified incorrectly exposed
radiograph of a skull treated in Subproportional
reducer before activation.
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Figure 24. Intensified incorrectly exposed
radiograph of a skull treated in Subproportional
reducer before activation and Superproportional
reducer (Ammonium Persulfate) after intensifi
cation.
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Except for one of the views (lumbar sacral) , the rest were
consistently rated adequate with one of them rated optimal.
A test for significance for two sample (optimum and intensi
fied radiographs) test was performed on the above results
(Table 8) with an &C = 0.05. It was found significant with a
confidence level of 90%.
Most of the
"best"
selected images were obtained from
radiographs that were treated for 1 minute in the subpropor
tional reducer (potassium ferricyanide-sodium thiosulfate) ,
activated for 3 0 minutes, contacted for 2 hours on NMC film
and treated in the superproportional reducer (ammonium per
sulfate) for one minute. The contact time and the treatment
time in the reducers must be determined for each new set of
original exposure conditions.
5.4 Discussion
In all six cases studied, the amount of information
that was present in the intensified radiographs was found to
be far greater than that available in the originals. This is
3-5-11
in agreement with results of other investigators. The
autoradiographic intensification technique makes it possible
to retrieve information from radiographs that is not visible
to the naked eye but that is stored in the emulsion as
elemental silver particles.
The use of a subproportional photographic reducer
before activation of the underexposed radiographs makes it
possible to reduce the fog level thereby enhancing the
64
contrast of the image. Equally important, is the use of the
superproportional reducer on the intensified radiograph to
reduce the high density areas. The application of this tech
nique means that the autoradiography can be carried out for
extended periods of time and areas that are too dark (high
density) can be lightened. In this way it becomes possible
to recover information from high density areas which was lost
during the autoradiographic exposure (the image becomes too
dark) without significant losses of information stored in low
density areas. Therefore by the proper combination of a
subproportional reducer before activation and a superpropor
tional reducer after autoradiographic intensification and
development, it is possible to recover the maximum amount of
information out of the underexposed radiograph. The use of
these photographic reducers is one of the useful techniques
5
for removing the excess of non-image silver which Askins and
Thackray alluded to as one of the disadvantages of the use
of autoradiographic intensification method for the recovery
of the silver image of an underexposed radiograph.
5 . 5 Summary
Dosage reduction to patients and recovery of either
intentionally underexposed or accidental incorrectly exposed
radiographs is possible using an autoradiographic image
intensification method. When combined with the appropriate
use of subproportional or
superproportional reducers before
and after intensification, the fog level can be greatly
65
reduced and the contrast of the final image considerably
enhanced.
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COMPARISON OF SINGLE AND DOUBLE-SIDED EMULSIONS
USING AN AUTORADIOGRAPHIC IMAGE INTENSIFICATION TECHNIQUE
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COMPARISON OF SINGLE AND DOUBLE-SIDED EMULSIONS
USING AN AUTORADIOGRAPHIC IMAGE INTENSIFICATION TECHNIQUE
6.1 Introduction
Films with emulsions coated on both sides are routinely
used for radiologic examinations for the obvious advantages
of increased speed and decreased exposure to the patient.
For autoradiographic image intensification procedure, the
silver image on both sides of the emulsion would be radio-
activated during the activation stage with S-3 5 thiourea.
Since only one side of the radioactivated film is exposed
directly to another emulsion, this raises a number of inter
esting questions. Some of these questions include: i) does
the radioactivity from the side not directly in contact with
the second (receiver) film penetrate through the radioacti
vated film to this second emulsion? If so, ii) what effects
would such penetration have on the quality of the autoradio
graphic intensified image? And iii) are there any signifi
cant differences between the intensified images obtained from
radioactivated films with double-coated and single-coated
emulsions?
It is hoped that the answers to these questions will




6. 2. A Production of exposure
A series of underexposed images (3 0%) of step wedges,
resolution targets and bone phantoms were produced with Kodak
Ortho-G film as previously described. The films were
processed and developed in the conventional manner using a
Kodak X-Omat processor.
6.2.B Stripping
One side of the developed Ortho-G film was covered
with a glass plate and secured firmly with tape. The emul
sion on the other side was removed using a modified method of
19 20
Sherwood and Stevens. Essentially using a cotton swab,
a solution of potassium hydroxide was applied to the emulsion
and was left until the gelatin had softened (2-3 minutes) .
A stiff toothbrush was used to remove the emulsion. The film
was then cleaned in an X-ray acid fixing bath for two minutes
to neutralize any remaining potassium hydroxide. Finally the
film was washed in running distilled water for 20 minutes and
air dried for one hour.
6.2.C Use of photographic reducers
The images of the step wedge and resolution target of
both the double-sided and one-sided emulsions produced from
the above procedure were treated in a mixture of 0.014M
potassium ferricyanide and 1.20M sodium thiosulfate for one
minute while the images of a bone phantom also of one-sided
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emulsion were treated in a mixture of 0.005M potassium ferri
cyanide and 1.20M sodium thiosulfate for 1 minute. Each was
washed in running distilled water for 20 minutes before
activation.
6.2.D Activation and intensification
The films were activated with S-35 thiourea as pre
viously described. For the one-sided emulsion, the film was
placed inside the drum with the emulsion side out. Each
activated emulsion was contacted to NMC film for two hours.
Density and resolution measurements were made as in part one.
The log relative exposures and speeds were also calculated in
the same manner.
6.3 Results
The characteristic curves for single-coated and double-
coated donors and receivers are shown in Figure 25. The
intensified images (cf. Figure 25, curves 1-2) were obtained
without treatment of the step wedge in a subproportional
reducer (mixture of potassium ferricyanide and sodium thio
sulfate) before activation with S-3 5 thiourea. The charac
teristic curves of the intensified images produced with prior
treatment of the donor film (single and double-sided) in the
subproportional reducer before activation with S-3 5 thiourea
are shown in Figure 26. The data for Figures 25-26 are
summarized in Table 9 giving the various densities of each
step of
the step wedge, the gammas, the resolutions in





















Figure 25. Characteristic Curves for a 30% Exposure
before and after removal of one side of the Double-
sided Emulsion and after Intensification on NMC Film.
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Figure 26. Characteristic Curves of a 30% Exposure
before and after removal of one side of the Double-
sided Emulsion, treated in Subproportional Reducer
(Potassium Ferricyanide - Sodium Thiosulfate) before
























































































































































ro jo h h
ro o ro
> CLti oj
O d O li
ft O H 3






































































density unit above base plus fog. From Figure 25, it is
obvious that there is a difference between the images
obtained with single and double-coated emulsions. This is
due to the exhaustion of the activating solution when
double-
coated emulsions are activated. Paired statistical analysis
(with anoC=
.05) of these densities (Table 10) confirm that
there is a significant difference between the densities
obtained from single and double-coated emulsions (t=11.8484)
if the film is not treated in the subproportional reducer
before activation. The single-coated emulsion has higher
Dav and also higher Dm. (cf. Figure 25, curve 1). When the
donor films are treated in subproportional photographic
reducer (mixture of potassium ferricyanide and sodium thio
sulfate) , the double-coated emulsion has higher D . (base3
mm
plus fog density) , less gamma and is less contrasty than the
Single-coated film (Figure 261 . A comparison of the charac
teristic curves obtained from the intensified images of both
single-coated and double-coated emulsions both treated and
untreated in the subproportional reducer before activation
is made in Figure 26A. From this graph, it is obvious that
the characteristic curve obtained from the single-coated
emulsion treated in the subproportional reducer prior to
activation is the best. Since the reducer acted on both
sides of the double-coated film for the same period of time
(1 minute) as the single-coated emulsion, more silver was
left on the double-coated than single-coated emulsion.
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Figure 26A. Characteristic Curves of an Intensified
30% Exposure with and without Treatment in Subproportional
Reducer (Potassium Ferricyanide-Sodium Thiosulfate) before
Activation for both a Single-sided and Double-sided
Emulsion.
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Consequently, the intensified image of the double-coated
film has higher base plus fog density and is less contrasty
than the intensified image of the single-coated emulsion
(Figure 26A) . All these results indicate that for deliber
ate underexposure, it is better to use a single-coated than
a double-coated emulsion. These results are consistent with
those of
Askins.3
These results would also indicate that the radio
activity from the side of a double-coated emulsion that is
not in direct contact with the receiver emulsion does not
affect the autoradiograph. That is the beta rays of S-35
thiourea do not penetrate the film base. For S-3 5, with
mean energy of 50 Kev, the penetration power of its beta
rays in polystyrene is approximately 45 microns. The total
thickness of Ortho-G film was measured to be about 200
microns. It is therefore obvious that no radioactivity due
to S-35 can penetrate the film base as observed. Therefore,
in practice, it will be a waste of radioactivity to use a
double-coated film for autoradiographic image intensifica
tion process. Preliminary experiments indicated that there
was no difference between the intensified images obtained
from either side of a double-coated emulsion.
The radiographs of a foot made to compare the quali
ties of the images obtained from single-coated and
double-
coated emulsions are shown in Figures 27-30. Figure 27 and









































































































































































































































double-sided emulsion by not treating (Figure 27) and by
treating (Figure 29) it in the subproportional reducer prior
to activation. Figures 28 and 3 0 are the corresponding
radiographs obtained with the single-coated emulsion. The
untreated double-coated and intensified image (Figure 27) in
comparison to the untreated, single-coated intensified image
(Figure 28) is very light but trabercular pattern is
enhanced and joints are well visualized. The image of
Figure 28 (the single-coated one) is however very dark and
there is good visualization of joints and bones. The image
of Figure 29 (treated, double-sided and intensified image)
has a good exposure with good details of base trabercular
and joints while that of Figure 30 (treated, single-coated
and intensified image) is slightly too dark but the joints
are well seen and the trabercular pattern is reasonable.
6.4 Discussion
The characteristic curves for the double-coated and
single-coated (i.e., double-coated with one side of the
emulsion stripped) donor films (Figure 25, curves 3-4;
Table 9) indicate that there is a significant difference
between the quality of the images with respect to Dmax,
minimum fog level and contrast. This is expected since the
stripped film now has only
"one-half"
of the silver left in
the emulsion. If the donor film was not treated in a
photographic reducer before activation, the single-coated
emulsion had both higher D
^




emulsion. The single-coated emulsion was less contrasty and
had lower gamma. All these were expected if the amount of
radioactivity of the activating solution were the same for
both single-coated and double-coated emulsions. In other
words, it should take one-half of the radioactivity to
activate the single-coated emulsion. In practice, this was
observed. The amount of radioactivity in the solution after
activation of single-coated emulsions was greater than for
double-coated emulsions by a factor of two. Interestingly
enough, when the autoradiographs of a foot for both double-
coated and single-coated emulsions were made, the radiograph
obtained from the single-coated emulsion was darker than
that obtained from the double-coated emulsion (Figures 27
3-5
and 28) . Askins has made similar observations.
6 . 5 Summary
A difference exists between the intensified image of
a double-coated emulsion as compared to a single-coated
emulsion. When both emulsions are treated in the subpro
portional reducer prior to activation with S-35 thiourea,
the intensified image obtained from a single-coated emulsion
has lower base plus fog density, higher gamma and is more
contrasty than that of a double-coated film.
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RECOMMENDATIONS
To make the activation process both reliable and
repeatable a more uniform agitation procedure is required,
especially when double-sided emulsions are used as donors.
The emulsion side closest to the drum tends to stick to it
and prevents an even flow of the activating solution over
the surface thereby causing streaks and spots in the final
image when using that side for autoradiographic exposure.
The development and fixation procedure of known under
exposed images or areas of low-optical density in properly
exposed images need to be investigated. It is quite
conceivable that processing procedures which are optimum for
properly exposed images may not be for underexposed
negatives.
Selective enhancement of incorrectly accidentally
exposed films using masking techniques also warrants serious
considerations as it will have the most direct and useful
application in diagnostic radiology allowing the simultane
ous retention of properly exposed parts
of the film and the
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To calibrate the aluminum step (16) wedge a piece of
regular double-coated Kodak X-Omat
"G"
film was exposed
through a locally designed cassette containing a step (21)
wedge calibrated at . 15 log unit increment per step and the
D-log E curve for the film was plotted (Figure Al) . To
secure an adequate exposure range the X-ray tube was set up
at 120 kilovolts (Kv) and 2 Milliampere-seconds (MaS) and
the film was located at 7 0 inches from the X-ray tube. The
densities obtained are listed in Table Al.
A series of exposures were then made at 60Kv, 8 0Kv,
lOOKv and 120Kv using the aluminum step wedge. The data for
the log relative exposures is contained in Table A2 and the
log relative exposure versus wedge step number curves are
plotted on Figure A2. During the rest of the experiment all
exposures used were one of the four kilo-voltages which the
step wedge was calibrated for.
Note that the 1000 log



















Characteristic Curve of an optimally exposed




















































Aluminum Step Wedge Calibration Data
Log Relative Exposure
Step
umber 60Kv 80Kv lOOKv 12 0K^
0 1000 1000 1000 1000
1 661 741 813 870
2 468 575 692 724
3 324 478 589 645
4 224 389 489 561
5 170 323 426 500
6 132 280 354 446
7 107 250 301 388
8 89 208 262 345
9 73 189 233 308
10 60 169 208 274
11 50 147 181 238
12 42 131 165 207
13 38 119 150 180
14 35 106 137 161
15 33 96 125 143









































Precautions that were necessary in the handling
35
of thiourea -S were as follows :
1) Rubber gloves were worn;
2) the activation process was set up under a fume
hood and the fan was on during the entire process;
3) all glassware and other equipment were washed clean
and rinsed with distilled water after each
activation process; and
4) a thin window geiger counter was used to monitor
the radioactivity level in the laboratory facility







Darkroom facility R-4 (R.I.T.)
Chemical work area with fume hood (S.M.H.)
Chromega Dual Action Agitator Color Processor
Serial #02 011184
sold by Omega Division of Berkey Marketing Division
Chromega Drum 11 8X40 Color Processor
Catalogue No. 469-010
Macbeth Transmission Densitometer TD-504
R.I.T. #113368 - Serial #262 2A
Macbeth Transmission/Reflection Densitometer
Serial #41026 - Model OP10 (S.M.H.)
X-ray Machine, Picker X-ray Corporation,
20 volts/5amps/AC, style 2098
Kodak RP-X-Omat Processor
8X10 Spring-loaded WAFER rigid form cassettes,
9X10 inches, produced by Holsey X-ray Products, Inc.,
PAT Nos. 2298587-28788389
16 Step Aluminum wedge
0.05mm lead Resolution target,
Serial #26014, produced by Nuclear Associates,
Carle Place, N.Y. 07-521 with spatial frequencies
of 2 to 10 Lp/mm
pH tester, Panpeha, pan pH;
Carl Schleiche and Schull Company
Eastman Kodak Company, Contrast Index Meter
101
Phantoms of different body parts
35



















Thin window geiger counter
Mettler P1200 balance 110v/60cy/110w
produced by Mettler Instrument Corporation
Highstown, New Jersey 08 520
Serial No. 308211
Intensifying screens
